Abstract
Alpine and subalpine areas attract tourists year-round for their scenic beauty 61 (Messerli, 1987) , unique wildlife (Nagy and Grabherr, 2009 ) and winter recreation 62 (Pickering et al., 2003) . Winter tourism contributes significantly to the GDP of many 63 countries (UNEP, 2007) . Hence, it is in those countries' interest to continue developing 64 alpine-subalpine areas to meet the demands of patrons. Consequently, these 65 environments are subject to habitat loss and fragmentation (WWF, 2005) , two processes 66 that have negative effects on fauna (Lindenmayer and Fischer, 2006) . 67 Adverse impacts of ski-related disturbances on alpine-subalpine ecosystems are 68 concerning as these environments are species-rich and support many endemic taxa 69 (Körner, 2004 ). Significant losses of biodiversity could therefore occur in these areas 70 without the implementation of management plans informed by rigorous, empirical 71 research. However, limited peer-reviewed research has investigated the effects of ski-72 related disturbances on wildlife (Sato, Wood and Lindenmayer, 2013a) . The published 73 research indicates that ski disturbances have predominantly negative effects on fauna, 74 reducing the abundance, diversity and richness of birds, arthropods and mammals (Sato 75 et al., 2013a). However, for reptiles, the impacts of ski resorts remain unclear as 76 conclusions from the two published studies are inconsistent (Sato et al., 2013a) . 77 In non-alpine ecosystems, disturbances such as habitat fragmentation have 78 varying effects on reptiles. Fragmentation can be beneficial because it alters thermal 79 environments, offering reptiles more thermoregulatory opportunities (Rubio and 80 Simonetti, 2011; Vitt et al., 1998) . It also may increase landscape heterogeneity, 81 providing a variety of environmental conditions that can support the needs of a greater 82 diversity of species Fischer et al., 2005) . 85 Vegetation and rock removal is undertaken during the initial construction of ski 86 runs, through grooming, rock blasting and rehabilitation of slopes with exotic grasses 87 (Ries, 1996; Tsuyuzaki, 1994) . Seasonal maintenance practices (e.g. mowing) then 88 prevent the re-establishment of woody vegetation (PBPL, 2002) . Both the initial 89 construction and ongoing management of ski runs is undertaken to improve snow 90 condition and skier safety (Kelsall and Finch, 1996) . However, these activities result in 91 the simplification of habitat structural complexity (e.g. removal of rocks and logs) and 92 the alteration of vegetation composition, two important drivers of reptile richness and 93 abundance in non-alpine environments (Martin and Murray, 2011; Michael, 94 Cunningham and Lindenmayer, 2008) . Thus, it is likely that ski-related disturbances, 95 and the resulting loss of these important habitat components that are used for basking, 96 and sheltering, will negatively affect reptiles in subalpine areas.
97
Given the documented trend of the loss of specialist taxa following 98 anthropogenic disturbance (e.g. birds, Devictor et al., 2008; lepidopterans, Ekroos, 99 Heliola and Kuussaari, 2010), it is likely that specialist reptile species in subalpine 100 environments will be more sensitive than generalists to the modification of vegetation given the documented importance of these habitat attributes to reptiles (Martin and 121 Murray, 2011; Michael et al., 2008) . Finally, we postulated that in areas subject to 122 substantial alteration of vegetation cover and structure, the negative effects of 123 disturbance on the abundance of reptiles will be more pronounced for specialist species 124 than for generalists. This is because specialists have a narrower niche than generalists, 125 thus are less tolerant of disturbances that limit the availability of resources upon which 126 they rely (Levins, 1968) . 127 The results of our study provide much needed information about the ecology and 
Methods

135
Study Species
136
We characterised the four reptile species in our study as specialists or generalists 137 based on the breadth of their ecological requirements (see Table A1 ). Cyclodomorphus (Brown, 1991 
Study Area
152
We conducted our study in Kosciuszko National Park, south-eastern Australia 153 (Fig. 1a) . We surveyed reptiles at two ski resorts: Perisher (36°24'S 148°24'E) - 
Experimental Design
168
We established a blocked experiment comprising three habitat types 169 (grassland/heathland/woodland) in two disturbance categories (disturbed/undisturbed). 170 We located the three disturbed habitat types within ski resorts. We established disturbed 
Lizard Surveys
190
To maximise reptile detections, we surveyed lizards using three common survey 191 techniques: cover objects (roof tiles), funnel traps and active searches (Michael et al., 192 2012). Different species differ in their propensity to be detected using different survey 193 techniques, therefore a variety of methods are required to produce robust estimates of 194 abundance (Michael et al., 2012) . 195 During surveys, we placed eight concrete roof tiles (30 x 40cm) at each site (Fig. 196 1c), then checked each tile once a day for four consecutive days, recording observations 197 of any reptiles using tiles. 198 We also set four funnel traps (~75 x 18 x 18cm; Terrestrial Ecosystems; for three trap nights. We positioned the traps through the centre of a site (Fig. 1c) parallel 10m transects separated from one another by three metres (Fig. 1c) , we used the 225 point-intercept method (Goodall, 1952) Table   289 A4). However, broad-scale habitat preferences varied between species. The only 290 relationship common to all species was the strong negative association with, or absence 291 from, disturbed grasslands.
292
Cyclodomorphus praealtus (rare specialist; Table A1 ) was most abundant in 293 undisturbed grassland (Fig. 3a) . Weak positive associations with heathlands and 294 negative associations with woodlands were apparent but not significant ( Fig. 3a ; Table   295 A4). Liopholis guthega (rare specialist; Table A1 ) was not detected in grasslands, had 296 lowest abundances in disturbed areas (Fig. 3b) , but was positively associated with 297 undisturbed heathland and woodland (Table A4) . Pseudemoia entrecasteauxii (common 298 generalist; Table A1 ) was the most abundant species in all habitat types, exhibiting 299 positive associations with all habitat types except disturbed grassland ( Fig. 3c ; Table   300 13 A4). Finally, we recorded significantly more observations of P. pagenstecheri in 301 undisturbed grasslands and heathlands, and significantly fewer observations in disturbed 302 grasslands ( Fig. 3d ; Table A4 ). Pseudemoia pagenstecheri (common specialist; Table   303 A1) was not detected in woodlands.
305
Fine-Scale Habitat Preferences
306
The results of HGLMs exploring fine-scale habitat associations of lizard species 307 are shown in Table 2 . Cyclodomorphus praealtus showed a significant, negative 308 association with exotic grass cover, number of logs on site, and total vegetation cover. Using the first two axes to explore lizard-plant species relationships (Fig. 4) Further, we suggest retaining native vegetation in future ski run developments, as an 367 alternative to replacement with exotic grasses, will further facilitate this process.
368
Another reason why rehabilitation of ski slopes using native species may benefit 369 reptiles is that native subalpine vegetation provides more structural complexity than 370 exotic plant species used to stabilise ski runs (e.g. ski runs have a lower abundance and We argue that specialist species need to be a focus of further research, as they 399 rely on a narrow range of resources for survival (Preston, 1962 Table A3 . Plant species retained for the canonical correspondence analysis (CCA).
641 Table A4 . HGLMs for the four study species in relation to broad-scale habitat features.
